We derive the spacetime superalgebras explicitly from "test" M-brane actions in Mbrane backgrounds to the lowest order in θ via canonical formalism, and discuss various BPS saturated configurations, based on their central charges which depend on the harmonic functions determined by the backgrounds. All the BPS intersections of two Mbranes obtained previously are deduced from the requirement of the test branes to be so "gauge fixed" in the brane backgrounds as to preserve some portions of supersymmetry.
Introduction
then the system and the action should have the same supersymmetries † because of the same reason stated above. Therefore, in the same way, we can define their Noether charges, and compute their commutators as the superalgebra. And finally, we are able to deduce from it the BPS configurations of the test brane (including intesections with the background) permitted in the non-trivial background.
The aim of this paper is to examine this idea explicitly in the case of M-2-and M-5-branes in the M-2-and M-5-brane backgrounds, i.e. four cases in all.
‡ The concrete procedures are as follows: we will take the background to be a M-brane solution, substitute it for the test brane action as was done in [21] , check the invariance of the action under the unbroken supersymmetry transformation, derive the representation of the supercharges in terms of the worldvolume fields of the test brane and their conjugate momenta, compute their commutators and discuss various BPS saturated configurations permitted in the background from the central charges.
We note that our computations are performed only up to the low orders in θ which might contribute to the the central charges at zeroth order because they suffice to discuss the BPS configurations which we want to know. The most important fact throughout our computations is that we can reduce the superspace with the supercoordinates (x, θ) to that with coordinate (x, θ + ) where the + of θ + implies that it has a definite worldvolume chirality of the background. The reason is the following: Since half of supersymmetries are already not the symmetries of the system owing to the existence of the background brane, the corresponding θ − parameter must not be transformed. Thus, the conjugate momentum of θ − does not appear in the supercharge Q + , which means θ − does not contribute to the central charges at zeroth order. Therefore, we set θ − = 0 from the biginning.
The consequence is that all the BPS intersections of the two M-branes obtained previously both in 11D supergravity and via worldvolume superalgebras are deduced from the requirement of the test branes to be so "gauge fixed" in the backgrounds as to preserve some portions of supersymmetry. Futhermore, we conclude that these and parallel two M-branes (if the two have the same dimensions of worldvolume) are the only BPS "gauge fixings" of the test M-branes permitted in the M-brane backgrounds. In addition, one outstanding characteristic of the results is the dependence of (r.h.s.of) superalgebras on the harmonic function determined by the backgrounds. So, we check the consistency of our method by the following discussion: if the test M-p-brane is parallel to the M-p-brane background with the converse orientation (which is the configuration with all the super- † In the middle of completing this work, this idea is pointed out by [20] in some other context (about the new actions) and proved generically. Our work will be worth doing in order to examine this idea explicitly to low orders in θ.
‡ We apply the method to the case in 10D massive IIA background in the next paper, which will be completed soon. symmetry broken), the "absorption" limit, namely the limit of zero distance is expected to lead to the restoration of the 1/2 spacetime supersymmetry because the potential energy is minimized in the limit. It is shown that this is really the case, which also implies that this method is consistent. Another merit of the result is that some of BPS triple intersections are deduced from the spacetime superalgebras, although not systematically. This paper is organized as follows: in section 2 we discuss the test M-2-brane in M-2-brane and M-5-brane backgrounds. In section 3 we deal with the test M-5-brane in M-2-brane and M-5-brane backgrounds. In section 4 we give short summary and discussions.
Before presenting our results we give some preliminaries. We use "mostly plus" metrics for both worldvolume and spacetime. And we use Majorana (32 × 32) representation for Gamma matrices Γm which are all real and satisfy {Γm, Γn} = 2ηmn. Γ0 is antisymmetric and others symmetric. Charge Conjugation is C = Γ0. We use the symbol ♮ to denote the number 10 as used in [6] . We use capital latin letters(M, N, ..) for superspace indices, small latin letters(m, n, ..) for spacetime vectors and early small greek letters (α, β,..) for spinors. Furthermore, we use late greek letters (µ, ν, ..) for spacetime vectors paralell to the background branes and early latin letters(a, b, ..) for spacetime vectors transverse to them. We use hatted letters (M ,m,â,α..) for all the inertial frame indices and finally middle latin indices(i, j, ..) for worldvolume vectors.
Superalgebras from M-2-branes in M-brane Backgrounds
In this section we will deal with the M-2-brane in the M-brane backgrounds.
(2a) The M-2-brane in the M-2-brane Background At first we will begin with the case of a test M-2-brane floating in the M-2-brane Background. The M-2-brane action in a D=11 Supergravity background is [22] 
where g ij = Em i En j ηmn and is the induced worldvolume metric and C
ijk is the worldvolume 3-form induced by the superspace 3-form gauge potential.
is the supervielbein. Note that at this time the action is invariant under local supertransformations. Let's fix the background to the M-2-brane solution given by [23] 
where η µν is the 3-dimensional Minkovski metric with coordinates x µ and H is a harmonic function on the transverse 8-space with coordinates y a , that is, H = 1 + q 2 y 6 where y = y a y b δ ab and q 2 is a constant. ε µ 1 µ 2 µ 3 = g µ 1 ν 1 g µ 2 ν 2 g µ 3 ν 3 ε ν 1 ν 2 ν 3 and ε 012 = 1. This background admits a Killing spinor which satisfies
. Then the Killing spinor has the form ε = H −1/6 ε 0 where ε 0 has the positive worldvolume chirality, i.e.Γε 0 ≡ Γ012ε 0 = +ε 0 .
SinceΓ satisfiesΓ T =Γ andΓ 2 = 1, both ζ as ζ ± for a spinor ζ, the background is invariant under the transformation generated by the supercharge Q + and so is the system because the test brane is so light that it is assumed not to affect the background geometry and its configuration are not determined yet at this moment. On the other hand the background and the brane action are not invariant under the transformation by Q − , so we should set the corresponding transformation parameter ε − to be zero. Then conjugate momentum Π − of θ − does not appear in the Noether charge Q + only whose algebra we are interested in. Therefore, θ − terms never contribute to the central charges at zeroth order. Thus, we can set from the beginning
We will use freely this facts in all the cases we treat in this paper from now on. Related with this, we exhibit the properties ofΓ:
Now, we are prepared to get the explicit representations of superfields and supercoordinate transformations in terms of the component fields to low orders in θ. By substituting (2.2) to the usual expressions [24] and using (2.4) and (2.5) we see that only the Eα a has the nontrivial contribution from the background. From the results the superspace 1-form on the inertial frame
(2.6) § In fact we need to know the (vanishing of the) contribution from En m at order θ 2 . We can infer its vanishing in this specific simple background, but the expression of En m at order θ 2 was obtained recently [25] , by which our inference is confirmed.
We can easily check that EÂ, and hence g ij , are invariant up to second order in θ under the super-coordinate transformation [24] δZ M = Ξ M :
Note that the coordinates y a transverse to the background brane are not transformed (at least up to the second order in θ), i.e. this is the supertranslation symmetry paralell to the background brane. And it is also to be noted that Γ µ = H 1/3 Γνδ μ ν , i.e., the gamma matrices with the spacetime indices depend on the harmonic function.
The remaining field is the super-3-form gauge potential. It is introduced by the gauge invariant 4-form field strength [24] [26]
where Fm 4m3m2m1 is the bosonic field strength which is in this case associated with the electric M-2-brane background. From (2.8) we get ¶ 9) and hence the supertransformation of C (3) :
Thus, the M-2-brane action (2.1) is invariant under (2.7) up to total derivative. Therefore we define the Noether supercharge Q α+ in the Hamiltonian formulation as an integral over the test brane at fixed time given by[27]
where Π µ and Π + α are the conjugate momemta of x µ and θ + , respectively and Q
is the contribution from the kinetic term whose form is almost common to all the p-brane. In this way we get the superalgebra of Q α+ :
12) ¶ Although theα of θα + is the index of the inertial frame, θα = θ β δα β + O(θ 3 ). So, we need not distinguish the two indices in this paper.
Before discussing this result, we give the explicit expression of Π µ :
where L (0) is the Nambu-Goto action.
We now discuss the implications of this algebra. First, if the test brane is oriented paralell to the background brane, the term like a central charge arises from the Π
and (2.14)
The reason why Π
0 contribute absolutely plus is due to the fact that it has the Jacobian arising from the determinant in the L (0) . Therefore we conclude that the paralell configuration with a certain orientation of the test brane has the 1/2 spacetime supersymmetry and the one with the other orientation breaks all the supersymmetry. Note that these conditions are invariant under the 12-plane rotation. Furthermore, even in the case that all the supersymmetry are broken, all the (1/2) supersymmetry are restored in the limit y → 0 (i.e. H → ∞). The reason is as follows: since Π 0 ∝ H −1 and Γ µ ∝ H 1/3 , r.h.s. of the superalgebra(2.12) is proportional to H −2/3 , hence vanishes in the limit. In fact this restoration is reasonable because the potential energy is formally minimized in this "absorption" limit since both the forces via graviton and anti-symmetic tensor are attractive in this case. On the other hand, if the test brane is oriented orthogonally to the background brane, the central charge does have the nonzero value. In the static gauge the test brane to be fixed, for example, to 34-plane the algebra become 16) which means that 1/4 spacetime supersymmetry is preserved in this configuration. Thus, we have derived the superalgebra from the M-2-brane action in the M-2-brane background, and all the BPS configurations of two M-2-brane known before [28] [29] have been deduced. Futhermore, we can conclude that these are the only BPS "gauge fixings" of the test M-2-brane permitted in the M-2-brane background.
(2b)the M-2-brane in the M-5-brane background Next, we will consider the M-2-brane in the M-5-brane background. The M-5-brane background solution is given by [30] 
where µ = 0, 1, .., 5 and a = 6, .., 9, ♮. The Killing spinor has the form ε = H −1/12 ε 0 where ε 0 has again the positive chirality of the the worldvolume of the background:
are again projection operators, only the supersymmetry corresponding to Q + is the symmetry of the background. Thus, for the same reason stated in the case of the M-2-brane background, only the Q + is the symmetry of the system and we set ε − = 0 and hence θ − = 0. We note thatΓ ′ satisfies the (anti-)commutators
. By using this relations the superspace 1-form on the inertial frame is given by [24] 
The super-coordinate transformation is formally the same form as (2.7) in the M-2-brane background except for the ranges of µ and a. The superspace 3-form C (3) is introduced in the same way as (2.8). Note that C (3) cannot be expressed globally in this case because it is associated with the magnetic solution. However, neither does it contribute to the δL W Z up to first order in θ, nor the Π µ owing to the inertness of the transverse coordinates y a under the supertransformation. As a result,
Thus, the action is invariant under the supertransformation up to the total derivative. After the same procedures as in the M-2-brane case, we get the expression of the supercharge Q
Then, the superalgebra is obtained as
We conclude from the form of its central charge that the string intersection of the test brane with the background is the only 1/4-supersymmetric configuration permitted in this background. This is consistent with the [28] [29], too.
Superalgebras from the M-5-brane in M-brane Backgrounds
In this section we discuss the test M-5-brane in M-brane backgrounds. There are two new features which do not emerge in the previous case of the test M-2-brane: one is the fact that the M-5-brane action contains worldvolume self-dual 2-form gauge potential A 2 in addition to the usual scalar fields [31] [32]. The super-transformation of A 2 is determined by the requirement of the invariance of the "modified" field strength [9] given by
The other is the introduction of the superspace 6-form field strength C (6) [33] whose field strength takes the form
where the 7-form F (7) is the Hodge dual of the bosonic 4-form field strength.
(3a)The M-5-brane action in the M-2-brane background First, we will consider the M-5-brane in the M-2-brane background. The M-5-brane action is [31] 
where (H)
(H) * ijk ∂ k a and a is a auxiliary worldvolume scalar field. Since the superspace 1-form and the (transformation of ) C (3) in the M-2-brane background are already given by (2.6) and (2.9), the transformation of A 2 is
and the transformation of C (6) are deduced in the same way as the C (3) in the M-2-brane.
As a result, δL W Z ≡ d(ε + ∆) where
The supercharge is given as before by Q
where i is the space indices of the test M-5-brane worldvolume and Π µ , Π + α and P ij are the conjugate momemta of x µ , θ + and A ij , respectively.
As a result, the superalgebra is
The third term in (3.7) means the string intersecion with the M-2-brane background is permitted as the 1/4-supersymmetric configuration, which is again consistent with [28] [29] and the rusult of (2b) case. In fact the behavior of the "boundary" of the test M-5-brane seems somewhat unclear in this case. but as stated in [21] , y ≡ y a y b δ ab = 0 does not correspond to any points of the M-5-brane. The worldvolume coordinates transverse to the background M-2-brane are thought to take values in the open intervals (0, ∞). And if we choose the temporal gauge a(ξ) = t, the second term including P ij turns to be the same as the last term as in [9] . Thus, these terms imply the triple intersection preserving 1/4 spacetime supersymmetry with the configuration
where the third M-2 brane is within the M-5-brane (to form the bound state) [9] , since CΓ23456 anticommutes with CΓ34. We note that this triple intersection is deduced directly from the spacetime superalgebra.
(3b) The test M-5 brane in the M-5-brane background Finally we will deal with the test M-5 brane in the M-5-brane background. Since almost all the preparations have been already given above and the precedures are similar to before, we present only the transformation of A 2 , the result of the superalgebra as well as their interpretation in this case. The transformation of A 2 in the M-5 brane background is
The superalgebra is give by
In fact only the fourth term is difficult to derive straightforward in this case because the magnetic 3-form potential which cannot be expressed globally contribute to the δL WZ .
However, since they can be exressed locally in a certain gauge we confirmed in a gauge that some of these term do not vanish, although we do not exhibit the computation because our method of estimation is very primitive and awkward to present. Then, we reproduce the term on the ground that the term is gauge invariant and Lorentz (SO(1,5)×SO (5)) covariant.
Now, we will interpret the result. If the test 5-brane is oriented paralell to the background M-5-brane, perfectly the same circumstances as the M-2-brane paralell to the background M-2-brane occur. So we do not repeat them. If the test 5-brane intersects on 3-brane with the background M-5-brane, 1/4-supersymmetry of the spacetime is preserved because of the third term (as in [28] ). The fourth term shows the string intersection of the two M-5-brane proves to be 1/4-supersymmetric. The last term, together with the second term with the temporal gauge condition a(ξ) = t, implies the existence of the triple intersections preserving 1/4 supersymmetry with the following configurations: 
Discussion
In summary we have discussed the method of computing explicitly the spacetime superalgebras from the test M-brane actions in M-brane backgrounds to the lowest order in θ.
As the conseqences we have deduced all the BPS intersections of the two M-branes known before from the central charges of the spacetime superalgebras, as the BPS "gauge fixing" of the test brane permitted in the background. We also comfirmed the consistency of our method by examining the behavior of the harmonic functions. Some triple intersections preserving 1/4 supersymmetry are also deduced. As stated in the introduction, we will apply this method to the p-branes in 10-dimensional massive IIA backgrounds [34] , in which case the background have to be nontrivial [15] [16] . It will also be interesting to apply other backgrounds, or use it to the new supersymmetic invariant p-brane action presented recently [20] .
